The oil palm's nanocrystalline cellulose (NCC) has been successfully isolated and characterized, also it has been applied in the emulsion system of cyclic natural rubber (CNR). Nanocrystalline cellulose (NCC) has been isolated and characterized from the lower part of empty fruit bunches (LEFB) by acid hydrolysis and followed by ultrasonication treatment. The obtained NCC has characteristic, such as (i) the crystallinity index of NCC was 77.84% and the dimension of NCC was 30-450 nm and 20-35 nm of length and width, respectively. The utilization of NCC in the emulsion's system of CNR can improve the stability of the emulsion system that measured by ESI value. The emulsion's system of CNR has divided into two groups based on the type of surfactants, such as Tween 80 and Lutrol F127. In the emulsion that prepared by Tween 80, at 28 th days after the addition of NCC (2-29% of fibril dosages), the ESI value was in the range 70-100% and linear with the fibril dosages.
INTRODUCTION
Nanocellulose is one of popular renewable material due to chemical and physical properties, also it can act as nanofiller to improve the material properties, i.e. mechanical and thermal properties 1 . The research that focused on the isolation of nanocellulose, especially NCC gaining much interest with the variation in the isolation processes and raw materials. The NCC production from a waste of oil palm will significantly give benefits to the agricultural and environmental sectors. This innovation can increase the value of oil palm waste by producing valuable products with the impact it will help the environmental issue 2 . NCC can be applied in a wide area of research, such as nanocomposite material, cosmetic, coating, adhesive, membrane, packaging, biomedicine etc. 3, 4 . As filler of nanocomposite, NCC has been used in various kind of polymer matrices, such as polypropylene (PP), polyurethane (PU), poly(lactic acid)/polyamide and others [5] [6] [7] [8] [9] [10] [11] . The application of NCC as filler is only suitable with hydrophilic polymer and this property make NCC become incompatible with the hydrophobic polymer matrices 12 . NCC has a rod-like shape with length 100-500 nm and with crystallinity degree between 50 and 90% 13, 14 . The isolation method to obtain micro or nanocellulose can be classified into chemical (acid and alkaline hydrolyzed), mechanical (ultrasound technique, steam explosion treatment, high-pressure homogenization), and enzymatic isolation processes [15] [16] [17] [18] [19] [20] . The properties of NCC that prepared with acid hydrolyzed treatment including, stability and dimension are dependent on the conditions of the reaction and sources of the cellulose 21 . Especially, the NCC prepared by acid hydrolysis, using sulphuric acid, will give a positive impact on the stability of NCC in aqueous suspension and thermal properties 12 . Cyclized natural rubber (CNR), a derivate of natural rubber or its latex form through cyclization process, has been used in the paint industry, especially as a component to formulate a binder for vessel's paint.
Only a few studies, report about the development of cyclized natural rubber as paint or binder, also about its properties to form an emulsion or waterborne paint. Cellulose and the derivative product of cellulose have been utilized as a stabilizing agent for water-in-oil or oil-in-water emulsion, i.e. bacterial cellulose and its oxidation product, microcrystalline cellulose, modified cellulose using hydrophobic substrate [22] [23] [24] [25] [26] [27] . In the previous work, NCC has been applied as a reinforcing agent in the waterborne coating formulation 28 . However, no studies could be found yet on the NCC that isolated from the LEFB and its role to stabilize the emulsion of cyclized natural rubber (CNR). In this work, special attention will be given to the characterization of isolated NCC from LEFB and it influenced the emulsion properties of CNR. The obtained NCC was characterized by FT-IR, TEM, and XRD. The role of NCC in the emulsion properties of CNR was determined from ESI value by visual assessment.
EXPERIMENTAL Materials
The oil palm fiber was obtained from the plantation of oil palm in Riau, Indonesia. The chemicals in this research were analytical grade. NaOCl, H2SO4 (95-98wt.%), NaOH was purchased from Sigma-Aldrich. The surfactant (Tween80 and Lutrol F127) was obtained from Panreac AppliChem and BASF.
Isolation of Nanocrystalline Cellulose
The LEFB was cut with a dimension of 1 cm x 1 cm x 1 cm. The LEFB chip was dried in oven for 48 hours and it was ground to a fine powder. The isolation of NCC was initiated by the isolation of α-cellulose 29 . About 75 g of the LEFB were weighed and soaked with 1 L of HNO3 3.5% and 10 mg of NaNO2 at 90 o C for 2 hours. The fibers were filtrated and washed with water up to pH 7. The following fibers were reacted with 750 mL of NaOH 2% and Na2SO3, respectively, at 50 o C for 1 hour to get the cellulose fibers. The cellulose fibers were bleached with 250 mL of NaClO 1.75% at 70 o C for 30 minutes and then washed with deionized water until the washed water was free of chloride ion. After that process, to remove hemicellulose components, the bleached fibers were soaked in 1.75 % of NaOH solution at 80 o C for 30 minutes and washed with deionized water until neutral pH was obtained. The obtained fibers were treated using H2O2 10% at 60 o C for 15 minutes and washed with deionized water up to pH 7. The obtained α-cellulose was hydrolyzed using H2SO4 (64wt.%) solution (1:20 w/w) at 45 o C for 1 h. The obtained precipitate was resuspended in water and centrifuged at 6500 rpm for 20 minutes. The suspension of α-cellulose was dialyzed for 7 days. The obtained nanocellulose was homogenized using ultrasonic for 15 minutes.
Preparation of Emulsion System
The solution of CNR (20wt.%) was mixed with surfactant and the solution of NCC which has fibril dosage concentration in the range of 2-29 wt.%. The volume ratio of CNR:NCC: surfactant was 30:30:10. The mixture of CNR was sonicated until it formed a homogenous phase. The stability of emulsion was evaluated from a value that called an emulsion stability index (ESI), which was calculated as Eq. (1): (1) HE and HT indicated the emulsified layer's height and emulsion's total height, respectively 30 .
Characterization
The FT-IR spectra of α-cellulose and NCC were recorded using FTIR spectrophotometer 8201PC Shimadzu. Microstructural of α-cellulose and NCC were characterized using TEM JEOL JEM 1400. Meanwhile, the crystallography of α-cellulose and NCC was evaluated using Shimadzu 6100 X-ray diffractometers. The crystallinity index of samples was determined using Segal equation 31 .
RESULTS AND DISCUSSION
The isolated NCC that obtained from the lower part of empty fruit bunches oil palm has been characterized by several techniques. The spectra of both materials, α-cellulose, and NCC, were found to CYCLIC NATURAL RUBBER I.P. Mahendra et al.
be similar. The FT-IR spectra of those materials were dominated by 3500-3300, 2900-2890, 1635, 1370 and 1050 cm -1 signals that referred to the stretching of hydroxyl (-OH), aliphatic saturated (-C-H), absorbed water, methylene (-CH2) and C-O from the lignin's unit, respectively. The difference of αcellulose and NCC spectra can be found in the intensities of the signals. These differences were considered as the result of the oxidation process of the cellulose during the acid hydrolysis treatment. The significant difference between the α-cellulose and NCC XRD pattern can be observed on their intensities at those 2θ. It was found the NCC showed stronger intensity at 2θ 22.5 o compared to αcellulose. A sharp increase of intensity of NCC peak observed at 22.5 o that indicated an increase of crystalline region after hydrolysis treatment (Fig.-1) . That statement was supported with the crystalline index of NCC and α-cellulose. The crystallinity index of both materials was 73.04 and 77.84%, respectively. This is the impact of hydrolysis treatment during the formation of NCC, the hydrolysis treatment attacks the amorphous regions of cellulose. That penetration causes hydrolytic cleavage of glycosidic bond and releasing of individual crystallites 21 . The thickness of crystallite size that obtained using Scherrer equation was 2 nm. This result was different from the average particle size that obtained using TEM, 10.41 nm. The difference in NCC sized that obtained by TEM and XRD could be caused by Debye thermal broadening. on the surface of NCC to form the interfacial hydrogen bonding. NCC rod-shaped that observed using TEM having length 30-458 nm with a width of the particle was 20-35 nm. Fig.-3b) , but it showed a trend, the ESI value increased with increasing concentration of NCC.
The influence of fibril dosage in this research is in line with the other results, in the emulsion system of water/paraffin containing TEMPO oxidized bacterial cellulose, the emulsion stability was significantly enhanced with the increasing of fibril dosage 32 . The different result of the emulsion stability at 1 st day is directly affected by the type of surfactants. This statement is supported with direct visual assessment, such as in the emulsion system with Lutrol F127 there is white droplet, assumed as surfactant-NCC complex, in the upper part of the solution (Fig.-4) . This droplet is not found in the system of CNR 
CONCLUSION
In summary, the isolated oil palm's NCC has a crystallinity index of 77.84% and the dimensional of the NCC was 30-450 cm and 20-35 nm of length and width, respectively. The emulsion stability that described as ESI showed the addition of NCC into the emulsion system that contained Tween 80 has a higher ESI value than the system contained Lutrol F127 at the same fibril dosage. Focused on emulsion system with Tween 80, after 28 days observation the ESI value was in the range 70-100% with the CYCLIC NATURAL RUBBER I.P. Mahendra et al.
presence of 2-29% of fibril dosages. The increase of ESI value showed the trend in increasing of fibril dosages. 
